Supplemental Experimental Procedures
Human ES cells were maintained and cultured as described (Watanabe et al, 2007) . Differentiation Medium for SFEB was the same with that for mES cells except that G-MEM/10% KSR is replaced with DMEM/F12/20% KSR for hES cells. For SFEBq culture, hES cells were pretreated for 1 hour with 10 µM Y27632 (Calbiochem; this pretreatment can be omitted), dissociated with trypsin/EDTA, and reaggregated using the Spheroid plate (9000 cells/well, 150 µl) in Differentiation Medium containing 10 µM Y27632 (Calbiochem; essential). When applying the SFEBq culture to human iPS cells, we observed better results using a higher concentration of Y27632 (30-50 µM) with regard to reproducible aggregate formation. As described previously (Watanabe et al, 2007) , recombinant human Dkk-1 (500 ng/ml), human LeftyA (5 μg/ml) and soluble human BMPRIA-Fc (1.5 µg/ml) were added to the differentiation medium from day 0 to day 24. To block endogenous Nodal signals, LeftyA could be replaced with SB431542 (10 µM; much less expensive than LeftyA) with totally satisfactory results in cortical tissue differentiation from hES cells in vitro. On day 18, cell aggregates were transferred into a non-adhesive dish (Sumilon cell-tight-X, 35 mm) and cultured in DMEM/F12/Glutamax-1 (Gibco; #10565) supplemented with N2 under 5% CO 2 . Cell aggregates were replated onto 8-well culture slides coated with poly-D-lysine, laminin and fibronectin on day 25 and cultured in Neurobasal (Gibco) supplemented with B27 supplement (Gibco) and 2 mM L-glutamine.
Immunostaining
Primary antibodies (Watanabe et al, 2005) were used as follows: anti-Bf1 at 1:1000 anti-Emx1 at 1:1000 and anti-Sox1 at 1:1000. Commercial antibodies were purchased from Chemicon (Temecula, CA)(VGLUT1/guinea pig polyclonal/1:3000, Tbr1/rabbit polyclonal/1:1000, Prominin1(CD133)/rat monoclonal/1:1000, Reelin/mouse monoclonal/1:200, Calretinin/rabbit polyclonal/1:1000, Tbr2/rabbit polyclonal/1:1000, GAD67/mouse monoclonal/1:2000, BLBP/rabbit polyclonal/1:3000, GluR1/rabbit polyclonal/1:500, GFP/chicken polyclonal/1:500, ZO1/rat monoclonal/1:200), Babco (Berkeley, CA)(class III b-tubulin/rabbit polyclonal/1:600, class III b-tubulin/mouse monoclonal/TuJ1/1:300), Sigma (St. Louis, MO)(Map2/mouse monoclonal/1:1000, Tau/rabbit polyclonal/1:500, gamma-tubulin/mouse monoclonal/1:500), Zymed laboratories (Synaptophysin/rabbit polyclonal/1:500), MBL (Nagoya, Japan)(GFP/rabbit/polyclonal/1:150), ABR (CaMKIIa/mouse monoclonal/1:500), BD pharmingen (N-cadherin/mouse monoclonal/1:500), Cell signaling (pH3/mouse monoclonal/1:500), Novus Biological (Reelin/mouse monoclonal/1:100), Abcam (Otx2/rabbit polyclonal/1:200, Satb2/mouse monoclonal/1:20, BrdU/rat monoclonal/1:100), Santa Cruz (Cux1/rabbit polyclonal/1:100, aPKC/rabbit polyclonal/1:100, p73/goat polyclonal/1:50), Perseus Proteomics (COUP-TF1/mouse monoclonal/1:1000) and Biogenesis (TTR/sheep polyclonal/1:100). For the quantification of Tbr1 + and Ctip2 + neurons in culture, we only counted strongly positive cells by referring to the strong expression of these markers in layers VI and V, respectively, of the E18.5 embryonic cortex section.
Cell Preparation for FACS
Cells were dissociated to single cells by 0.25% trypsin-EDTA treatment and analyzed at 4 °C. Cells were sorted on day 7, 9 or 12 following dissociation with 0.25% trypsin-EDTA and filtration through Cell Strainer (BD, Biosciences).
Electron Microscopy
For electron microscopic observation, ES cell aggregates were fixed in 2.5% glutaraldehyde and 2% formaldehyde in 0.1 M cacodylate buffer (pH 7.2) and then processed for thin sectioning and transmission electron microscopy.
Neuronal Dissociation Culture
For the dissociation culture, cells were dissociated from aggregates using the Neural Tissue Dissociation Kit (Sumilon) on day 12, and plated onto poly-D-lysine/laminin/fibronectin-coated dishes at a density of 50000 cells/cm in seeding medium (DMEM/F12 supplemented with N2 and 10 ng/ml FGF2). On day 14, medium was changed to the differentiation neuronal culture medium (Neurobasal supplemented with B27 supplement, 50 ng/ml BDNF and 50 ng/ml NT3). A one-half volume of the medium was changed every five days.
Transplantation
For transplantation of cell suspension, P2 mouse pups were anaesthetized on ice for 3 min. Bf1::venus cell aggregates on day 11 were dissociated using the Neural Tissue Dissociation Kit (Sumilon) and 1 μl of cell suspension (5 x 10 5 cells) was injected into the cortex by a glass microcapillary over 2 min. The pups were revived at 36°C and returned to the litter. For transplantation of neuronal masses, a part of the frontal cortex of P2 mouse pups was aspirated by a glass microcapillary and Bf1::Venus + neuronal masses on day 11 was deposited into the host lesioned cavity. Four weeks after transplantation, the cortex was dissected, sectioned at 120 μm using vibratome and immunostained.
Ca ++ Imaging
For Ca ++ imaging, cell aggregates were subjected to filter culture using a Transwell culture insert (Corning) in the N2 medium on day 18. A one-half volume of the medium was changed every three days. On day 21 or 24, the medium was changed to artificial cerebro-spinal fluid (ACSF) solution bubbled with 95% O 2 and 5% CO 2 . The constituents of ACSF were as follows: NaCl (124 mM), KCl (2.5 mM), NaHCO 3 (26 mM), MgCl 2 (1 mM), CaCl 2 (2 mM), NaH 2 PO 4 (1.25 mM) and D-glucose (10 mM).
For calcium dye loading, the aggregate was incubated in fluo4-AM solution as described previously (Ikegaya et al, 2005) . Imaging was carried out at room temperature using an upright fluorescence microscope (BX61WI, Olympus) equipped with a CCD camera (UIC-QE, Universal Image). Fluo4 fluorescence images were viewed through dry objectives (10x 0.25 NA or 20x 0.40 NA, Olympus) and collected using a bandpass filter (U-MGFPHQ, Olympus) controlled by the Metamorph software (Universal Image). The fluorescence change over time is defined as ΔF/F = (F -F basal )/F basal , where F is the fluorescence at any time point, and F basal is the baseline fluorescence averaged across the whole movie for each cell. For pharmacological experiment, Glutamate (100 μM), TTX (1 μM) and CNQX (10 μM) were applied by bath application.
Supplemental Figures

Figure S1
Efficient and reproducible formation of polarized neuroepithelial tissues in the SFEBq culture of mES cells. 
Figure S6
Spatial distribution pattern of cortical neurons and precursors in mES cell-derived aggregates.
